tire dataset. The most common initial medication was phenylephrine for 47 (57%). Patients receiving phenylephrine and norepinephrine tended to be older than those receiving dopamine and epinephrine. Thirteen (16%) of the patients received a second vasopressor during the first 3 h of treatment and were thus not included in the regression analyses; these patients received more fluid resuscitation and exhibited higher in-hospital mortality (77 vs. 32%; p = 0.004) compared to patients receiving a single vasopressor. The norepinephrine group exhibited a 5 mm Hg higher MAP (95% CI: -4 to 13; p = 0.31) and a 12 mm Hg higher CPP (95% CI: -2 to 26; p = 0.10) than the phenylephrine group, and a 5 mm Hg higher MAP (95% CI: -4 to 15; p = 0.27) and a 10 mm Hg higher CPP (95% CI: -5 to 25; p = 0.18) than the dopamine group. However, in post hoc analysis, after adjusting for time to start of vasopressor, hypertonic saline and pentobarbital, the effect on MAP was lost, but the CPP was 8 mm Hg higher (95% CI: -10 to 25; p = 0.39) than in the phenylephrine group, and 5 mm Hg higher (95% CI: -14 to 24; p = 0.59) than in the dopamine group. Conclusions: Vasopressor use varied by age. While there was no statistically significant difference in MAP or CPP between vasopressor groups, norepinephrine was associated with a clinically relevant higher CPP and lower intracranial pressure at 3 h after start of vasopressor therapy compared to the other vasopressors examined.
Introduction
Traumatic brain injury (TBI) is the leading cause of death among injured children [1, 2] . While the ultimate means for decreasing poor outcome after TBI is primary trauma prevention, minimizing or eliminating subsequent brain injury from secondary insults such as hypotension is also of paramount importance. Yet there is limited information regarding how to best treat hypotension after pediatric TBI.
Hypotension and low cerebral perfusion pressure [CPP = mean arterial blood pressure (MAP) -intracranial pressure (ICP)] are associated with poor outcomes after TBI in children [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Consequently, although it remains unclear whether targeting a specific CPP will lead to improved clinical outcomes, current 2003 Pediatric Guidelines recommend preventing or rapidly treating hypotension and maintaining CPP above 40 mm Hg in children, noting that an age-related continuum for the optimal CPP likely lies between 40 and 65 mm Hg [13] .
Higher CPP values are possibly necessary for older children whose CPP needs may approximate those of adults, with adult guidelines recommending a CPP between 50 and 70 mm Hg [14] . Despite these current therapeutic targets, guidelines regarding how this should be achieved primarily describe therapies to lower ICP [13, 14] . Given that CPP can be low on the basis of elevated ICP or inadequate blood pressure, in addition to decreasing ICP, one commonly employed strategy to increase CPP is to use inotropes and or vasopressors to increase MAP. Yet there are no studies describing vasopressor use or comparing vasopressor effectiveness in the setting of pediatric TBI. Given this gap in knowledge, we aimed to describe current institutional vasopressor use and evaluate vasopressor effectiveness in increasing MAP and CPP after pediatric TBI.
Patients and Methods

Study Design
After institutional review board approval, we performed a retrospective cohort study of children admitted to Harborview Medical Center (Seattle, Wash., USA), a regional pediatric level 1 trauma center, from 2002 to 2007.
Study Population
Children 0-17 years old admitted to the study center with moderate-to-severe TBI who received therapy with 1 or more vasopressors (phenylephrine, norepinephrine, dopamine, epinephrine or vasopressin) for at least 3 h to explicitly improve MAP were considered eligible. An admission Glasgow Coma Scale (GCS) score of ^ 12 or head Abbreviated Injury Scale (AIS) score of 6 3 and an ICD-9 code indicating a TBI (800-801.9, 803-804.9, 850-854.1 or 959.01) defined moderate-to-severe TBI. We included several measures to assess severity of injury: GCS score on admission to the intensive care unit (ICU), head AIS score, Injury Severity Score (ISS), in-hospital mortality, length of hospital stay (LOS) for survivors, and polytrauma. Patients with polytrauma (any extracranial injury) were included. We excluded patients who were in the operating room during the 3-hour observation period, patients who received vasopressin for diabetes insipidus as their only vasopressor, and patients who had received a vasopressor prior to arrival at the study hospital or otherwise lacked documentation of paired baseline and 3-hour vital signs.
Data Sources and Measures
We linked Harborview Medical Center trauma registry data with hospital billing data to identify children with moderate-tosevere TBI who were treated with a vasopressor. As billing data were not electronically available for periods earlier than fiscal year 2003, we performed a manual search for all patients identified by the trauma registry for 2002. We also included available data from patients who received vasopressors for another study on pediatric TBI where hemodynamic and vasopressor data were available [15] .
Medical records were abstracted to obtain demographic and physiologic parameters, volumes of blood products received, fluid balance, concurrent medications and relevant therapies as well as other diagnoses. In-hospital mortality, LOS, ISS and head AIS score were obtained from the trauma registry.
During the study period, there was no standard protocol regarding vasopressor use for blood pressure management (MAP or CPP) for pediatric TBI at this institution. In general, a tiered approach to treatment of intracranial hypertension was utilized, including positional maneuvers (head of bed to 30°, neck in midline), mechanical ventilation, sedation, blood pressure management and osmolar therapies (mannitol and/or hypertonic saline). Neuromuscular blockers were typically only used in cases of refractory intracranial hypertension. Routine hyperventilation practice decreased over the study years, and dextrose-containing maintenance fluids were not routinely used during the first 24 h during the latter study years. Hypothermia was not routinely used during any of the study years. Additional maneuvers, including rescue therapy with hypothermia and decompressive craniectomy, were performed in select cases of intractable intracranial hypertension.
The primary outcomes were (1) initial vasopressor choice, and (2) MAP at 3 h after initiation of a single vasopressor with adjustment for baseline MAP. When data were available, we also examined the effect of drug choice on CPP. To identify the baseline MAP for each patient, we used the lowest recorded MAP in the hour prior to initiation of a vasopressor. As MAP was typically recorded hourly in the medical record, but a vasopressor could be initiated at any time, the 3-hour MAP value was the value closest to 3 h after the start of treatment (i.e. from 2.5 to 3.5 h). Most patients had a combination of invasive and noninvasive blood pressure measurements. For all patients except one, the baseline and 3-hour blood pressure measurements were measured in a similar fashion (i.e. both noninvasive or both invasive). When both invasive and noninvasive blood pressure measurements were available for both baseline and 3 h, we used the noninvasive measurement as this measurement more often guided clinical nursing care (local practice). For the 1 patient who had baseline and 3-hour measurements by discordant techniques, the invasive and noninvasive measurements were within 2 mm Hg of each other at other times during the period of observation. We also recorded how many patients in each exposure category received a second vasopressor or were switched to a different vasopressor during the first 3 h of therapy.
Statistical Analysis
Basic descriptive statistics by vasopressor category are presented as medians and interquartile ranges (IQR), or minimum and maximum, given low patient numbers and concern for skewing of the data and proportions for binary variables. We assessed these statistics for: (1) the study population as a whole including patients receiving a single agent and those on multiple agents, and (2) the subpopulations of those patients receiving only 1 vasopressor in the first 3 h with available data for inclusion in the regression analyses for MAP and CPP. Descriptive statistics were also calculated to characterize patients receiving a single vasopressor versus multiple vasopressors in the first 3 h, using the MannWhitney U test for continuous data and Fisher's exact test for binary data to compare characteristics.
Crude descriptive data regarding baseline and 3-hour vital signs (MAP, CPP, ICP and heart rate) by vasopressor category in patients who received a single vasopressor are presented as median differences in vital signs at 3 h of therapy compared to baseline; only patients with both baseline and 3-hour measurements were included. Baseline MAP between the vasopressor groups was compared using linear regression with robust standard errors adjusting for age.
To examine the effect of vasopressors on MAP, we used multivariate linear regression to assess patients who did not require addition of a second drug during the first 3 h after initiation of treatment. We chose to evaluate only patients receiving monotherapy in the regression analyses in order to evaluate that single vasoactive agent rather than try to define/evaluate each different combination of vasoactive agents or attribute the response from a combination of agents to the first agent. The independent variable was drug category, which was treated as a dummy variable. The reference drug group was phenylephrine as this was the group with the greatest number of patients. The dependent variable was the mean of MAP at 3 h, and we controlled for the baseline values in an analysis of covariance model (unadjusted analysis). In addition to controlling for baseline MAP, in the adjusted model we decided a priori to adjust for age, gender and ISS as these were felt to be potential confounders. We used robust standard error estimates in order to allow for unequal variances across groups, and clustered by subject, given the longitudinal nature of the measurements. The estimates from the regression model were interpreted as the difference in mean MAP at 3 h for each of these vasopressor categories compared to the reference category (phenylephrine) adjusted for age, gender, ISS and baseline value. We also analyzed CPP, ICP and heart rate, utilizing multivariate linear regression in similar models as that for MAP.
We compared mean percent increase in MAP between 2 age groups: the youngest (0-5 years) and oldest (14-17 years) age groups for each vasopressor category in those patients receiving a single agent during the first 3 h using two-sample t tests with unequal variances. We also compared the median value of MAP during the 3 h prior to vasopressor start to the minimum value during the hour prior to vasopressor start as well as the 3-hour MAP value to the median MAP over the 3 h after starting a vasopressor, using paired t tests.
Results
Descriptive Statistics: All Patients (n = 82, Patients Receiving Single and Multiple Vasoactive Agents)
We identified 82 patients who met the study inclusion criteria ( fig. 1 ). There was a U-shaped trend to the age distribution of the patients, with most patients being at the older or younger end of the spectrum. The most common initial drug used was phenylephrine (57%), followed by dopamine (29%). A large proportion of patients in all vasopressor categories had polytrauma (33-88%); extracranial injuries in those patients with polytrauma consisted of orthopedic (80%), abdominal (39%), thoracic (59%) and multiple extracranial sites (59%). The descriptive statistics indicated some key differences between initial vasopressor groups ( table 1 ) . Patients receiving phenylephrine and norepinephrine were older than those receiving dopamine and epinephrine. The ISS and the proportion of patients with polytrauma were highest in the norepinephrine group, but these patients had the lowest in-hospital mortality. Time to vasopressor start was longer in the norepinephrine group. Hypertonic saline was used more frequently in the norepinephrine group, and pentobarbital in the dopamine group.
Single versus Multiple Vasopressors
Most patients (69/82) were treated with a single vasopressor during the first 3 h after start of vasopressor therapy. The multiple vasopressor group had a lower median GCS score (p = 0.057) and higher in-hospital mortality (77 vs. 32%; p = 0.004). They also had a greater positive fluid balance (p = 0.036) and shorter time to pressor start (p = 0.006), and they less often received propofol, hypertonic saline and mannitol ( table 2 ).
Descriptive Statistics: Patients Receiving a Single Vasopressor (n = 69)
Patients receiving a single vasopressor had similar characteristics to the entire study population described above, except for slightly lower in-hospital mortality in the dopamine and norepinephrine groups ( table 3 ) . However, in the group with complete CPP measurements (n = 48), several differences from the characteristics of the entire study population were observed ( table 3 ) . There was greater propofol and mannitol use in the norepinephrine group. The dopamine group had a longer time to vasopressor start, lower fluid balance, decreased in-hospital mortality, increased polytrauma and greater pentobarbital use.
Regression Analyses of Patients Who Received 1 Vasopressor
Crude vital sign data (MAP, CPP, ICP and heart rate), presented as median differences in vital signs at 3 h of therapy compared to baseline, are provided as a clinical frame of reference to provide a context for interpreting the regression analyses ( table 4 ) . Baseline MAP, adjusted for age, between the 3 vasopressor groups was statistically different (p = 0.02); patients who received phenylephrine had the highest baseline MAP.
Sixty-eight of 69 patients contributed data to the adjusted MAP analysis. There was no statistically significant difference in MAP at 3 h between the vasopressors, but patients who received norepinephrine had a nonsignificant, 5 mm Hg higher adjusted MAP than patients who received phenylephrine (p = 0.31) and dopamine (p = 0.27) ( fig. 2 ). Given discrepancies in time to vasopressor start and use of pentobarbital and hypertonic saline between the vasopressor groups, we performed a post hoc analysis to assess the influence of these potential con- Excluded: 30 patients billed only for racemic epinephrine 6 patients with duplicate entries 9 patients receiving a vasopressor for <3 h 9 patients with missing records 45 patients either did not receive a vasopressor in the ICU or received vasopressin for diabetes insipidus as their only vasoactive agent 5 patients were brain dead during observation period 6 patients did not have a TBI 7 patients had a vasopressor started prior to arrival at the study hospital or otherwise lacked baseline measurements
Excluded: 117
Manual search for year 2002 yielded additional 15 patients who met entry criteria (n = 89)
Included: 74
Additional 9 patients identified via cerebral autoregulation study [15] (n = 98)
16 patients excluded who were in the OR during the 3-hour observation period 82 patients met entry criteria 2+ agents in first 3 h: phenylephrine (n = 4) dopamine (n = 5) norepinephrine (n = 1) epinephrine (n = 3) n = 13 Single agent in first 3 h: n = 69 phenylephrine (n = 43) dopamine (n = 19) norepinephrine (n = 7) 3 Over 12 h (6 h before and 6 h after start of first vasopressor). 4 Time in hours to start of pressor after admission to ICU (negative values indicate start of medication prior to arrival in ICU, i.e. started in the emergency department). 5 Administered anytime during the first 3 h after start of first vasopressor. founders on our estimates. Adjusting additionally for these factors attenuated these estimates to the null, which was primarily related to time to vasopressor start and to a lesser extent to hypertonic saline, with no apparent effect of pentobarbital use.
Forty-seven patients contributed data to the adjusted CPP analysis. There was no statistically significant difference in CPP at 3 h between the vasopressor groups, but patients who received norepinephrine had a 12 mm Hg higher CPP than phenylephrine (p = 0.10) and a 10 mm Hg higher CPP than dopamine (p = 0.18) ( fig. 3 ) . Similar to the MAP analysis above, we performed a post hoc analysis to assess for confounding by time to vasopressor start and use of pentobarbital and hypertonic saline. Adding these factors to the regression model attenuated these estimates such that the norepinephrine group had an 8 mm Hg higher CPP than phenylephrine (p = 0.39) and a 5 mm Hg higher CPP than dopamine (p = 0.59). This attenuation was due primarily to the effect of time to vasopressor start and use of hypertonic saline, and was not influenced by pentobarbital use.
Forty-seven patients contributed ICP data to the adjusted analysis. There was no statistically significant difference in ICP at 3 h between phenylephrine and dopamine (adjusted estimate of 3 mm Hg lower in patients receiving dopamine; p = 0.25) or phenylephrine and norepinephrine (adjusted estimate of 5 mm Hg lower in patients receiving norepinephrine; p = 0.06) in either the unadjusted or adjusted analyses. There was also no statistically significant difference between the norepinephrine and dopamine groups (with the norepinephrine group having an adjusted estimate of 2 mm Hg lower than patients receiving dopamine; p = 0.19). Post hoc analysis adjusting for time to pressor start, hypertonic saline and pentobarbital altered the estimates such that norepinephrine had an 8 mm Hg lower ICP than phenylephrine (p = 0.13) and a 4 mm Hg lower ICP than dopamine (p = 0.38).
In the adjusted analysis, heart rate was not statistically significantly different between the dopamine and phenylephrine groups. The norepinephrine group had a 14 bpm lower heart rate compared to dopamine (p = 0.05). There was no statistically significant difference in heart rate between the norepinephrine and phenylephrine groups (adjusted estimate of 9 bpm lower in the norepinephrine group; p = 0.18). Additionally, there were no statistically significant or clinically relevant differences in heart rate after post hoc analysis adjusting for time to pressor start, hypertonic saline and pentobarbital.
Vasopressor Dose
The median vasopressor dose received at 3 h was 0.5 g/kg/min (IQR: 0.29, 1.1) for phenylephrine, 7 g/kg/ min (IQR: 5, 15) for dopamine, and 0.05 g/kg/min (IQR: 0.04, 0.08) for norepinephrine in patients receiving only a single agent during the first 3 h. When restricted to those patients with available CPP data, the doses were similar.
Age Effect
Patients in the oldest age group ( 1 14 years) who received dopamine (n = 5) and phenylephrine (n = 21) had a higher increase in MAP (dopamine 38 vs. 20%, and phenylephrine 20 vs. 14%) than the youngest group ( ! 5 years) who received dopamine (n = 9) and phenylephrine (n = 8), but this was not statistically significant. There was a similar increase in MAP for the youngest (n = 2) and oldest (n = 5) patients who received norepinephrine by 27 and 26%, respectively. 3 Over 12 h (6 h before and 6 h after start of first vasopressor). 4 Time in hours to start of pressor after admission to ICU (negative values indicate start of medication prior to arrival in ICU, i.e. started in the emergency department). 5 Sites of extracranial trauma in the patients with polytrauma. 6 Administered anytime during the first 3 h after start of first vasopressor. M edian differences with IQR in parentheses in vital signs 3 h after initiation of vasoactive medication in patients treated with a single agent compared to baseline (only patients with baseline and 3-hour measurements are included for each parameter).
1 Kruskal-Wallis equality-of-populations rank test.
Comparison of Median before and after MAP with Study Baseline and Endpoint Measurements
The minimum MAP during the hour prior to starting a vasopressor was lower than the median value over the 3 h prior to starting a vasopressor (p ! 0.001). However, the 3-hour MAP was not statistically significantly different from the median MAP during the 3 h after starting a vasopressor (p = 0.63).
Discussion
The main findings of this single-center study of pediatric moderate and severe TBI are the following: (1) while phenylephrine was used nearly twice as often as any other vasopressor overall, young children tended to receive dopamine and epinephrine, whereas older children received phenylephrine and norepinephrine; (2) blood pressure was most commonly managed utilizing a single drug during the first 3 h after the start of vasopressor therapy, and (3) while there was no statistically significant difference in MAP or CPP at 3 h after initiation of a vasopressor between vasopressor groups, patients who received norepinephrine had an adjusted 8 mm Hg higher CPP than those who received phenylephrine, and an adjusted 5 mm Hg higher CPP than those who received dopamine. Finally, patients who required a second vasopressor in the first 3 h of therapy were likely to have been more severely injured and critically ill based on the greater volume of blood products and fluid resuscitation they received, lower GCS score and higher in-hospital mortality. This is the first study to examine choice of vasopressor and to evaluate the association between drug choice and changes in blood pressure after pediatric TBI.
Vasopressors have different cardiovascular effects based on their profile for agonism of ␣ -adrenergic, ␤ -adrenergic, dopamine or vasopressin receptors. Although this well-described profile characterizes the overall cardiovascular effect, there can be differential effects on various organ beds. In TBI, there are also the additional issues of potential loss of cerebral autoregulation and disruption of the integrity of the blood-brain barrier that could potentially affect the action of these vasopressors. Thus there have been studies investigating the effects of different vasopressors in TBI. While several studies compare vasopressors in animal models of TBI, the evidence as a whole is not conclusive [16] [17] [18] [19] . However, 2 out of the 3 studies comparing dopamine and norepinephrine found that cerebral blood flow was better with norepinephrine [17, 18] . There are 3 small (n = 19, 11, 10) human adult studies (prospective crossover trials) comparing the use of dopamine versus norepinephrine to augment CPP in adult TBI patients [20] [21] [22] . In 1 study, ICP was higher with dopamine than norepinephrine for the same MAP [20] . However, Johnston et al. [21] showed that although there was no difference in ICP and cerebral oxygenation between dopamine and norepinephrine, dopamine had a more variable effect on arterial venous oxygen difference than norepinephrine. The third study showed no difference in mean ICP between dopamine and norepinephrine, yet reported that norepinephrine had predictable and significant increases in the mean flow velocity within the middle cerebral artery, whereas results with dopamine were variable and inconsistent [22] . These studies suggest that norepinephrine may be the preferred vasopressor to augment blood pressure after TBI. However, in this study, we did not find a statistically significant difference in hemodynamics between the vasopressors, although there was a trend for higher MAP and CPP with norepinephrine per our a priori analyses. In post hoc analyses, however, this trend for improved outcome in patients receiving norepinephrine appears to be partly due to the fact that a greater proportion of patients in this group received hypertonic saline, which has been shown to have a vasopressor effect [23] [24] [25] [26] [27] , and to the longer time to vasopressor start.
After TBI, there is a complex cascade of events that occurs, leading to secondary brain injury, i.e. cerebral ischemia [28] . Whereas the primary insult cannot be reversed, the goal of treatment for clinicians is to limit secondary insults such as hypotension. Numerous studies have shown an association of systemic hypotension and/ or low CPP with poor outcomes in both adult and pediatric patients [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [29] [30] [31] [32] . Given this association, both pediatric and adult TBI guidelines recommend avoiding hypotension [13, 14] . Additionally, the pediatric guidelines recommend maintaining CPP above 40 mm Hg in children, noting though that an age-related continuum for the optimal CPP likely lies between 40 and 65 mm Hg [13] , and the adult guidelines recommend targeting a CPP of 50-70 mm Hg [14] . However, there are no recommendations regarding the use of vasopressors to achieve these results. Based on the existing body of literature, norepinephrine may be the more reliable agent to achieve these goals in adults. While this current study did not find a statistically significant difference in MAP or CPP in children at 3 h of use, increases between 5 and 8 mm Hg in CPP may be clinically relevant.
Vasopressors can also have adverse effects such as reflexive bradycardia with the pure vasopressor phenylephrine, tachycardia with dopamine and epinephrine, and tissue ischemia with excessive vasoconstriction; the side effect profile varies by drug type. Some studies have found higher ICP with dopamine [20, 33] . Given the retrospective nature of this study and low patient numbers, it was not possible to fully evaluate these side effects. However, heart rate and ICP were evaluated via regression analysis. Patients who received dopamine had a heart rate 14 bpm higher than those receiving norepinephrine in our a priori analysis, although this difference was lost after post hoc adjustment for further confounders. Patients who received dopamine and norepinephrine had lower ICP than those receiving phenylephrine, although neither difference achieved statistical significance.
In this study, we assumed that 3 h was sufficient time for medications to be titrated to desired clinical effect, although we acknowledge that this is an extremely dynamic time in terms of the patients' physiology. Based on standard dose ranges for dopamine (2-20 g/kg/min) and norepinephrine (0.05-2 g/kg/min), the median doses at 3 h in those patients receiving monotherapy are relatively low, with a median dose of 7 g/kg/min for dopamine and 0.05 g/kg/min for norepinephrine. The median dose for phenylephrine was 0.5 g/kg/min, which is the upper limit of the recommended dose range (0.1-0.5 g/kg/min) [34] . One could argue that there may have been a higher 3-hour MAP with dopamine if the dose had been higher since at lower doses there are predominantly ␤ -agonist effects, whereas at higher doses, ␣ -agonist effects predominate; however, the absence of information on how receptors vary by age and the retrospective nature of this study render this argument speculative. While there was a difference between the median and the lowest MAP prior to vasopressor start, we chose to examine change in hemodynamics using the lowest MAP since low values are typically what drive treatment with vasopressors. The lack of difference between the median MAP and 3-hour MAP values indicates that the increase in MAP was sustained over the 3 h after initiation of vasopressor therapy.
This study has some limitations. As this is a singlecenter study, it limits the generalizability of our results. The predominant use of phenylephrine in this study may not reflect nationwide practice, which may affect external validity. Given the retrospective nature of this study, there is a likelihood of indication bias regarding choice of first vasopressor, with more severely injured individuals systematically receiving one vasopressor over another. However, we attempted to account for this in our analysis by adjusting for ISS, although this possibly was not an adequate measure of injury severity, especially given that it did not seem to correlate with inhospital mortality or blood product and fluid resuscitation measurements. Vasopressor choice and titration was left to the discretion of the treating clinicians; however, there are no published data on this subject. Starting MAP and CPP in relation to goal MAP or CPP may have impacted outcomes; however, we were unable to capture this aspect, given that we had no uniform metric to use as some patients had a MAP goal, while others had only a CPP or systolic blood pressure target. We used a single blood pressure measurement at 3 h as the primary outcome measure, which does not reflect blood pressure throughout the duration of treatment. The time from admission to start of vasopressor was variable especially with regard to norepinephrine, which was started much later than the other agents, possibly indicating that there is something different about these patients or their pathophysiology as compared to the other groups; post hoc analyses controlling for this factor attenuated much of the difference in the MAP analysis but affected the CPP estimates to a lesser degree. Given the nonrandomized nature of our study, there are possibly other confounding factors that we were unable to assess -such as adequacy of shock resuscitation and occult cardiac dysfunction from thoracic trauma -that could have impacted our results. This study is small, especially the nonphenylephrine groups, which limits the power to detect differences between vasopressor groups. Lastly, in this study we evaluated MAP as our primary outcome measure and CPP as a secondary outcome measure to assess vasopressor effectiveness; however, given the complexities of the pathophysiology of brain trauma, it would likely be better to evaluate cerebral blood flow, cerebral metabolism, measures of cerebral oxygenation and, ultimately, neurologic outcomes. Despite these limitations, this study provides new information regarding vasopressor choice and associated changes in blood pressure and CPP in children with TBI. Prospective, multicenter studies describing the frequency and diversity in vasopressor use as well as randomized trials comparing the effect of vasopressor use on short-and long-term outcomes are likely to overcome these limitations and provide comparative data that can justify clinical practice in this area.
In summary, monotherapy with phenylephrine was used more frequently to augment blood pressure for this cohort of patients, but vasopressor choice varied by age. Overall, while there was no statistically significant difference in MAP or CPP between vasopressor groups, norepinephrine was associated with a clinically relevant higher CPP and lower ICP at 3 h after start of vasopressor therapy compared to the other vasopressors examined. Future studies are needed to examine differences in vasopressor effects and optimal vasopressor choice for children requiring blood pressure support after pediatric TBI.
